Background. Increasing numbers of patients with end-stage renal failure are receiving kidneys from nondirected kidney donors (NKDs), also known as altruistic donors. Transplant outcomes for recipients of such kidneys are largely inferred from studies on specified kidney donors (SKDs), which may be inaccurate due to differences in donor, recipient and transplant specific factors. We report the outcomes for recipients of NKD in the United Kingdom. Methods. Outcomes for 6861 patients receiving a living donor kidney transplant between January 2007 and December 2014 were analyzed using both the National Health Service Blood and Transplant and the UK Renal Registry datasets. Graft and patient outcomes were compared for patients receiving NKD and SKD organs using univariable and multivariable analyses. Results. There was significant discordance between the NKD and SKD donors and recipients. These included increased donor age (median, 58 years vs 47 years; P < 0.001) and higher rates of hemodialysis and previous transplants in the NKD group (both P < 0.001). Despite such markers of increased risk among both donors and recipients of NKD kidneys, there was no difference in graft survival on univariable (hazard ratio, 1.20; 95% confidence interval, 0.77-1.86; P = 0.419) or multivariable analysis (hazard ratio, 1.13; 95% confidence interval, 0.65-1.95; P = 0.665). Conclusions. Despite some markers of transplant complexity, nondirected kidney donor organs are an excellent source of organs for transplantation.
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Background. Increasing numbers of patients with end-stage renal failure are receiving kidneys from nondirected kidney donors (NKDs), also known as altruistic donors. Transplant outcomes for recipients of such kidneys are largely inferred from studies on specified kidney donors (SKDs), which may be inaccurate due to differences in donor, recipient and transplant specific factors. We report the outcomes for recipients of NKD in the United Kingdom. Methods. Outcomes for 6861 patients receiving a living donor kidney transplant between January 2007 and December 2014 were analyzed using both the National Health Service Blood and Transplant and the UK Renal Registry datasets. Graft and patient outcomes were compared for patients receiving NKD and SKD organs using univariable and multivariable analyses. Results. There was significant discordance between the NKD and SKD donors and recipients. These included increased donor age (median, 58 years vs 47 years; P < 0.001) and higher rates of hemodialysis and previous transplants in the NKD group (both P < 0.001). Despite such markers of increased risk among both donors and recipients of NKD kidneys, there was no difference in graft survival on univariable (hazard ratio, 1.20; 95% confidence interval, 0.77-1.86; P = 0.419) or multivariable analysis (hazard ratio, 1.13; 95% confidence interval, 0.65-1.95; P = 0.665). Conclusions. Despite some markers of transplant complexity, nondirected kidney donor organs are an excellent source of organs for transplantation. 1 included regulatory oversight for living kidney donation, and thus, nondirected kidney donation was allowed for the first time when it came into force. Nondirected kidney donor (NKD) organs, also known as altruistic, good Samaritan, anonymous, or unspecified, donor kidneys, are donated to a nondirected recipient without an emotional link. 2 The number of nondirected kidney donors has increased dramatically following this, with a near fourfold increase in the United Kingdom between 2010 and 2014 ( Figure 1 ), similar to trends observed in the United States. 3 Nondirected kidney donor organs are now an important source of donor kidneys and recent data demonstrate they now constitute over 6% all live donor transplants performed in the United Kingdom 4 and 3% in the United States. 3 Allocation of NKD organs has been a source of debate for both ethicists and clinicians alike. Although practices vary between institutions, these organs are normally either allocated to patients on the nationwide deceased-donor waiting list or used to trigger a transplantation chain. Although various models have been proposed to optimize such chain usage, [5] [6] [7] [8] [9] the net result is that availability of a single NKD organ facilitates 2 or more transplants. 10, 11 A recent study of donors of NKD organs found that they were older, with a greater proportion of retirees, compared with specified kidney donor (SKD) counterparts. 12 This may have negative consequences, given the correlation between increasing donor age and less favorable transplant outcomes. [13] [14] [15] In addition to donor differences, recipients of NKD organs also differ from the SKD cohort. The majority of NKD organs are allocated to the deceased-donor waiting list, where recipients are generally more medically complex than the standard live donor recipient. 16 Although the prognostic significance of close HLA compatibility is less important for graft longevity than it once was, SKD kidney are often from genetically related individuals (eg, siblings / parents) which are known to have a greater degree of genetic match, compared to genetically unrelated kidneys. 17 Finally, the donor nephrectomy and organ implant for NKD operations are often performed at the transplant centers closest to each donor/recipient, resulting in split-site procedures involving 2 separate medical teams, organ transport, and a resultant increase in cold ischemic time (CIT).
Yet despite the differences between SKD and NKD transplants and the increasing importance of NKD transplants, the outcomes for the recipients of these kidneys have not been assessed in a large data set, although reports from small series are encouraging. [18] [19] [20] [21] [22] We hypothesize that NKD transplants have excellent outcomes despite the differences in donor-, recipient-, and transplant-specific factors and aim to test this hypothesis using the United Kingdom national data set.
MATERIALS AND METHODS

Study Design
Retrospective cohort registry study of patients receiving a living donor kidney transplant. The association between donor type (NKD vs SKD) and outcome was assessed. Primary outcome measures were allograft survival (death censored) and patient survival. Secondary outcome measures included creatinine values (at 1 year) and delayed graft function (DGF), defined as the need for dialysis in the first week after transplantation.
Study Population
Adult patients (older than 18 years) receiving a single organ living donor kidney transplant between January 2007 and December 2014 in the United Kingdom were included. Kidney transplant centers within the United Kingdom are obliged to submit demographic and clinical data to both NHS Blood and Transplant (NHSBT) and Renal Registry professional bodies for each transplant performed. The 2 bodies collect different patient specific and outcome variables and therefore amalgamation of the 2 data sets was performed in an attempt to maximize the variables included. This study was approved by the 2 database review boards above, but did not require separate ethical board approval, due to the nature of the study performed.
Statistical Methods
Initially, a range of factors were compared between the SKD and NKD cohorts. Categorical variables were analyzed using χ 2 tests. Continuous variables were assessed for normality before the analysis, with independent samples t tests used where this assumption was met, and Mann-Whitney tests used for nonnormal or ordinal data.
Survival outcomes in the 2 groups were assessed using Kaplan-Meier curves, with hazard ratios (HRs) and P values from univariable Cox regression models. These were followed by multivariable Cox regression analyses, in order to compare the outcomes of the 2 groups, after accounting for potentially confounding factors. The donor type was entered into the model, alongside all of the potentially confounding factors for which data were available. Continuous variables were converted into ordinal categories, to improve model fit, with ethnicity and graft number dichotomized, to give sufficient within-category sample sizes to produce reliable HRs. Because of the amount of missing data for the wait time and sensitization, a sensitivity analysis was performed by generating separate models with and without considering these factors. These gave consistent results; hence, the latter is quoted throughout to maximize the sample sizes considered.
A similar approach was employed for the analysis of 1 year creatinine and DGF. The former was log 10 -transformed, before analysis, in order to normalize the distribution, before being compared between the groups using an independent samples t test and multivariable general linear model. The coefficients from the multivariable model were then antilogged, and converted into percentage differences between groups for ease of interpretation. Rates of DGF were compared between the groups using a χ 2 test, with multivariable analysis by binary logistic regression.
All analyses were performed using IBM SPSS 22 (IBM Corp. Armonk, NY). Cases with missing data were excluded on a per-analysis basis, and P less than 0.05 was deemed to be indicative of statistical significance throughout.
RESULTS
Patient Demographics
Data were available for 6861 transplants between January 2007 and December 2014, of which 358 (5.2%) were from nondirected donors. The number of NKDs increased significantly over the period of the study (Kendall's Tau: P < 0.001, Figure 1 ). The first recorded NKD transplants (n = 3) occurred in 2007, accounting for less than 0.5% of the total living transplants that year, increasing to 12% of living transplants by 2014 (n = 108).
Comparisons of donor and recipient factors in NKD and SKD groups are reported in Table 1A . Nondirected donors were found to be significantly older (P < 0.001), more likely to be male (P = 0.010) and of white ethnicity (P < 0.001) and to have significantly lower BMI (P < 0.001) than specified donors.
There were also differences between the recipients of NKD organs compared to SKD counterparts. Recipients of NKD organs were significantly older, and less likely to be male and of white ethnicity (all P < 0.001). The NKD recipients were also significantly more likely to have previously received a renal transplant, with higher rates of pretransplant hemodialysis and lower rates of preemptive transplantation also noted (all P < 0.001).
Of the matching and surgical factors considered (Table 1B) , NKD organs had multiple markers of transplant complexity with significantly longer CIT, waiting list duration, and degree of sensitization (all P < 0.001). There were fewer HLA mismatches in the NKD group compared with SKD organs (P < 0.001).
Univariable Analyses of Survival Outcomes
Outcome measures for SKD and NKD groups were compared using univariable analyses (Table 2 ). These found no significant difference in rates of allograft survival (death censored) between the NKD and SKD groups (HR, 1.20; 95% confidence interval [CI], 0.77-1.86; P = 0.419; Figure 2a . However, patient survival was inferior in the NKD group, relative to SKD, with 1-and 3-year survival rates of 96.9% versus 98.9% and 92.8% versus 97.2%, respectively (HR, 2.60; 95% CI, 1.66-4.07; P < 0.001; Figure 2B ).
Multivariable Analysis of Survival Outcomes
Multivariable Cox regression models were then produced to account for the effects of potentially confounding factors (Table 3) . Patient survival was found to be significantly shorter in older recipients, those with diabetes or CMV, and patients on hemodialysis at the time of transplant. In addition, recipients of organs from older donors and those with HLA incompatibility also had significantly shorter survival. After accounting for these factors, no significant difference in patient survival between NKD and SKD organs was detected (HR, 1.68; 95% CI, 0.90-3.16; P = 0.104).
Multivariable analysis of death-censored allograft survival also found hemodialysis at transplant, increasing donor age and HLA incompatibility to be significantly predictive of poorer prognosis. In addition, younger recipients, and those who had received previous transplants also had significantly shorter death-censored allograft survival. After accounting for these factors, no significant difference between NKD and SKD organs was detected (HR, 1.13; 95% CI, 0.65-1.95; P = 0.665).
Other Outcomes
Creatinine levels at 1 year were available in 5259 patients. Geometric mean levels were similar in the 2 patient groups (P = 0.885), at 120.1 μmol/L versus 120.4 μmol/L in transplants from SKD versus NKD (Table 4) . This difference remained nonsignificant after accounting for potentially confounding factors on multivariable analysis (P = 0.294).
The DGF rates were found to be significantly higher in nondirected donors in univariable analysis (6.3% vs 3.9%; P = 0.037). After accounting for potentially confounding factors in a multivariable analysis, this difference became nonsignificant (P = 0.370), with an odds ratio of 0.92 (95% CI, 0.50-1.67; P = 0.777) for nondirected versus specified donor kidneys.
DISCUSSION
This is the largest published study to report recipient outcomes for NKD organs, using a national data set with a high proportion of such donors. We found, as anticipated, that NKD kidney have excellent outcomes and, after adjusting for significant confounding donor and recipient factors, these were comparable to SKD organs.
This study serves to highlight that there are a multitude of differences between the NKD and SKD transplants with regard to donor-, recipient-, and transplant-specific factors, which must be considered when counseling a potential NKD recipient. First, donors of NKD organs are on average more than a decade older than SKD counterparts, with 40% of NKD donors older than 60 years. Such age equivalent kidneys are classified as extended criteria in the cadaveric setting, with associated inferior outcomes (other qualifiers are donor aged 50 to 59 years with at least 2 of the other 3 conditions (cerebrovascular cause of death, renal insufficiency [serum creatinine, >132 μmol/L], and hypertension). 23, 24 Second, there are inherent differences in recipients of NKD kidneys, compared with SKD counterparts, with higher levels of sensitization, longer waiting list times and a higher proportion on hemodialysis before transplantation (Table 1B) . Thirdly, NKD organs transplanted in the United Kingdom are normally performed across different donor and recipient sites. This adds a degree of logistical complexity to NKD transplantation, and inevitably, the CIT is prolonged. Interestingly, the degree of HLA mismatch is actually greater for SKD organs, which is perhaps surprising given that NKD organs are always from unrelated individuals. However, this is likely to reflect the priority given to matching recipients of such organs for patients on the cadaveric kidney waiting list.
However, despite these markers of transplant complexity associated with NKD organs in the United Kingdom, the outcomes for such kidneys are excellent. Indeed, even before adjustment for these confounding factors, there was no significant difference in graft survival or 1 year creatinine values between NKD and SKD kidneys. We hope these results Results are from multivariable Cox regression models, based on N = 5213, after excluding cases with missing data. Wait time and sensitization were not considered for inclusion in the final models, due to excessive missing data.
provide reassurance to the transplant community and to future potential nondirected kidney donors. Although in general, kidney donors have reported good health related quality of life following donation, 25 there are risks inherent to this operation. Such risks highlight the need for informed consent for living donors and include a small increase in risk of developing to end-stage renal disease, gestational hypertension, and preeclampsia, as well as possible financial loss. 26, 27 Given the excellent outcomes for NKD kidneys demonstrated, efforts should focus on how best to use such organs. From an organ utilization perspective, the use of NKD organs to initiate transplant chains would seem ideal, with multiple recipients benefitting from a single donated organ. Not only does this increase the beneficiaries of transplantation, it also facilitates the transplantation of patients who would otherwise have been difficult to find an immunologically compatible organ. This could result in a decrease in need for blood group/HLA incompatible transplantation with its associated morbidity and financial costs. 28 Given that the use of NKD kidneys to trigger donor chains would appear to satisfy all ethical standpoints, it would seem reasonable to prioritize NKD organs for these purposes.
Although the first report of NKD transplantation was over 4 years ago, 29 the practice has only recently become commonplace, with the vast majority of NKD transplants in the United Kingdom performed after 2010. As a result, long term outcome data is not available in this cohort and is a weakness of this study. Although NKD is relatively commonplace in the United Kingdom, compared with many countries, the absolute number of NKD transplant is still relatively small and therefore this study may lack power to detect subtle outcome differences between NKD and SKD cohorts. Although we considered a wide range of factors in this dual data set analysis, this was not exhaustive as some variables, such as recipient BMI, smoking status and surgical technique of donor nephrectomy were not available.
Nevertheless, in this national cohort study, we detail the excellent outcomes for NKD kidneys in the United Kingdom. These results are reassuring, given that they are contributing an increasingly significant portion of live donor transplants performed. Tables 1A and 1B except for wait time and sensitization, based on n = 4202. Both analyses used log 10 -transformed data, to normalize the distribution of the creatinine measurements. b Data are reported as n/N (%) or as odds ratio (95% CI). Univariable analysis is from a χ 2 test with N = 6309, and multivariable analysis used a binary logistic regression model, including all factors from Tables 1A and 1B except for wait time and sensitization, based on N = 4874.
